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Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Introduction
Water samples were collected from 7 production wells and 26 private residential wells in the 9 westernmost counties of New York from August through December 2006 and analyzed to characterize the chemical quality of ground water in the 5,340-mi 2 study area. All 33 wells were within 3 river or lake basins (fig. 1); 16 were in the Lake Erie and Niagara River Basin, 7 were in the western Lake Ontario Basin, which lies between the Niagara River and the Genesee River Basins, and 10 were in the Allegheny River Basin. Fifteen of the wells were screened in sand and gravel aquifers, and 18 were completed in bedrock aquifers.
Many studies of ground-water quality in New York have included parts of the study area, such as Crain (1966) , La Sala (1968) , Frimpter (1974) , Moore and Staubitz (1984) , Erie County (1985) , Koszalka and others (1985) , and Anderson and others (2000) . These studies provide much useful information, but a comprehensive and current assessment of the ground-water quality throughout the entire area is needed.
Section 305(b) of the Federal Clean Water Act Amendments of 1977 (U.S. Environmental Protection Agency, 1997) requires all States to implement a comprehensive water-quality-monitoring program for surface-water and ground-water 
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Number is well number assigned by U.S. Geological Survey; one-or twoletter prefix denotes county. resources. In 2001, the U.S. Geological Survey (USGS), in cooperation with the New York State Department of Environmental Conservation (NYSDEC) and the U.S. Environmental Protection Agency (USEPA), began an assessment of ground-water quality in major river basins throughout the State, as specified in Section 305(b). To date (2008), ground-water-quality studies have been completed in the Chemung River Basin (Hetcher-Aguila, 2004) , the Lake Champlain Basin (Nystrom, 2006) , the upper Susquehanna River Basin (Hetcher-Aguila and Eckhardt, 2006) , the Delaware River Basin (Nystrom, 2007a) , the St. Lawrence River Basin (Nystrom, 2007b) , the Genesee River Basin (Eckhardt and others, 2007) , and the Mohawk River Basin (Nystrom, 2008) . In 2006, a study of the westernmost region of New York was completed and is the subject of this report.
Purpose and Scope
This report presents the results of the 2006 ground-water study in western New York. It first describes the study area and the sampling methods, then presents results of the water-quality analyses. Summary statistics (number of samples exceeding Federal or State drinking-water standards) and the minimum, median, and maximum concentrations of all analytes in surficial and bedrock aquifers are given in tables 1-4; detailed analytical results are given in Appendix tables A1-A9 (at end of report). Analytical results for selected constituents are compared with Federal and State drinking-water standards, which are typically identical. The standards include Maximum Contaminant Levels (MCLs), Secondary Maximum Contaminant Levels (SMCLs), and Health Advisories (HAs) established by the USEPA (2002; 2004; and 2006 ) and the New York State Department of Health (NYSDOH) (2006). MCLs specify the highest level of a contaminant that is allowed in drinking water; they are based on human health criteria and are legally enforceable by Federal and State authorities. SMCLs are non-enforceable guidelines based on cosmetic and aesthetic criteria, such as taste and odor. HAs are estimates of acceptable drinking water levels for contaminants that can effect human health; they are non-enforceable standards that provide technical guidance for water use.
Study Area
The study area includes all of Chautauqua, Erie, and Niagara Counties and most of Cattaraugus and Orleans Counties; it also includes the western parts of Allegany, Genesee, Monroe, and Wyoming Counties ( fig. 1 ). It encompasses parts of the Lake Erie and Niagara River Basin, the western Lake Ontario Basin (between the Niagara River and the Genesee River Basins), and the Allegheny River Basin ( fig. 1, table 1 ). The parts of these drainage basins that lie outside New York's boundaries were not included in this study.
Physiography, Land Use, and Precipitation
The central, southern, and eastern parts of the study area lie within the Appalachian Plateau physiographic province ( fig. 1, table A1) ; the northern part lies in the Lake Ontario Lowlands province, and the western part lies in the Lake Erie Lowlands province. Forest and pasture dominate the uplands and narrow valleys of the southern and eastern parts of the study area; cultivation of row crops, apples, and grapes is common in the Lake Erie and Lake Ontario Lowlands; and row-crop, forage-crop, and dairy farming is concentrated in a band of fertile soils between Buffalo and Rochester ( fig. 2) . The Buffalo and Niagara Falls metropolitan area lies near the outlet of Lake Erie and extends northward along the Niagara River. The study area contains several small lakes, such as Chautauqua Lake, and is crossed by the New York State Barge (Erie) Canal, which traverses the State from Albany to Buffalo. Land-surface elevations range from about 250 ft at Lake Ontario and 320 ft at Lake Erie to about 2,500 ft in the eastern and southern uplands. The climate is humid, and air temperatures are moderated by Lake Ontario and Lake Erie. Precipitation ranges from about 50 in/yr in the southwestern area near Jamestown ( fig. 1 ) to about 30 in/yr along the Lake Ontario shore; mean annual precipitation is about 40 in. About 15 percent of the annual precipitation infiltrates the land surface and recharges the sand and gravel and bedrock aquifers (Randall, 2001 ).
Glacial Deposits
Glacially derived deposits are generally present throughout New York, except in an area around Salamanca in southern Cattaraugus County that was not covered by glacial ice ( fig. 3) , where a thin layer of colluvium is formed from weathered bedrock. Glaciers scoured the hills and valleys of New York and left a thin mantle of till on top of the bedrock in upland areas and morainal deposits of fine-grained, poorly sorted material that formed valley plugs and low ridges. During the subsequent period of deglaciation, meltwater streams deposited thick layers of stratified drift (fluvial sand and gravel) in front of the glaciers and on top, beneath, and alongside them, to form deposits that are seen today as outwash plains, eskers, kettles, kames, and kame terraces. Glacial meltwaters also deposited fine particles in proglacial lakes, where they settled to form poorly permeable deposits of lacustrine clay, silt, and fine sand. Recent alluvium covers some of the glacial deposits and forms today's flood plains along the larger streams and rivers and on the terraces along the lake shores. The glacial deposits within the study area are described in detail by Fairchild (1928) , Coates (1966) , Gilbert and Kammerer (1971), Frimpter (1974; 1986) , Miller and Staubitz (1985) , Cadwell and Muller (1986), Miller (1988) , Yager and others (1997), and Randall (2001) .
Bedrock
The bedrock aquifers in the study area ( fig. 4 ) consist of relatively flat-lying, interbedded sedimentary units of shale, siltstone, sandstone, limestone, and dolostone of Ordovician, Silurian, and Devonian age (Broughton and others, 1962; Johnston, 1964; Staubitz and Miller, 1987; Brett and others, 1995; Kappel and Miller, 1996) . Two bands of carbonate-rock aquiferslimestones and dolostones-extend from Buffalo to Batavia and from Niagara Falls to Rochester; interbedded shale, dolostone, and evaporites crop out in the area between the carbonate-rock aquifers.
Population and Water Supply
The southern and eastern parts of the study area are predominantly rural, although they contain several small cities (Batavia, Fredonia, Jamestown, and Olean) ( fig. 1 ) and many small villages and hamlets. Most of the developed, urban area is in the cities of Buffalo and Niagara Falls, their suburbs in Erie and Niagara Counties, and in part of the Rochester metropolitan area in Monroe County ( fig. 2 ). Total population of the study area in 2000 was about 1,966,000, about half of which lives in the Buffalo and Niagara Falls area (U.S. Department of Commerce, 2000) . Production wells provide water to about 40,000 people in the villages, towns, and cities within the study area (New York State Department of Health, 2005) .
The largest water suppliers are the Erie County Water Authority and the Niagara Falls Water Authority, which provide the residents of these areas with water from Lake Erie and the Niagara River, respectively. The Monroe County Water Authority provides residents in Monroe, eastern Orleans, and northeastern Genesee Counties with water from Lake Ontario. Many of the rural communities and residents in areas that lie beyond these water-system service areas rely on ground water from bedrock or from surficial deposits of sand and gravel. Some community systems in areas where surficial aquifers are thin or absent use surface water from small reservoirs or lakes; others obtain water from bedrock wells. Most rural homeowners that live beyond the service areas of community water systems have private wells that tap surficial deposits or bedrock.
The most productive aquifers within the study area are the glacial and alluvial deposits of sand and gravel ( fig. 3 ). Frimpter (1974) estimated that sand and gravel aquifers in the Allegheny River valley can yield more than 220 Mgal/d. Deltaic sand and gravel deposits that are tapped for water supply at Jamestown may potentially yield 10 Mgal/d (Crain, 1966) , and outwash deposits at Batavia yield as much as 1.4 Mgal/d (Cosner, 1984) . Till deposits are typically thin and relatively impermeable and yield little water to wells. Clay beds yield little or no water to wells but may overlie productive sand and gravel aquifers. Bedrock aquifers ( fig. 4 ) are used for water supply where sand and gravel aquifers are absent, typically in upland areas. The bedrock aquifers in the study area may yield water of poorer chemical quality than the surficial aquifers; for example, the carbonate-rock aquifers typically yield very hard water, whereas shale bedrock aquifers along the shores of Lake Erie and Lake Ontario Lowlands often yield salty water at depths greater than 50 ft (Frimpter, 1974; La Sala, 1968) . 
Methods
A total of 33 wells were selected for sample collection-15 were finished in sand and gravel aquifers ( fig. 3) , and 18 were finished in bedrock aquifers (fig. 4) . The 15 wells that tap sand and gravel consisted of 6 production wells and 9 private residential wells; the 18 bedrock wells consisted of 1 production well and 17 private residential wells. Sampling was done from August through December 2006. The water samples were analyzed for 5 physical properties and 219 constituents, including 4 types of bacteria. Three samples-two field blanks and one replicate sample-were collected for quality assurance (QA) and quality control (QC), as required for the Federal 305(b) program.
Site Selection
The wells were identified through (1) the USGS Ground-Water Site Inventory (GWSI) database, (2) the NYSDEC Water-Well Reporting Program, and (3) information from State and county health departments. The Water-Well Reporting Program was implemented in 2000 to collect information about newly drilled wells throughout New York from licensed well drillers; the resulting database provides useful information for ground-water studies. A letter requesting permission to sample the water was sent to owners of residential wells that were identified as potential sampling sites; the letter described the project and included a questionnaire asking the location of the well, the most convenient times for sampling, any safety concerns around the well, and other information.
Production wells were identified through the NYSDOH and by local officials from the Allegany, Erie, Genesee, Niagara, and Wyoming County Departments of Health and water managers of villages and cities throughout the study area. The water managers were sent a project description and a questionnaire similar to those sent to residential well owners. Well owners who responded favorably were contacted by telephone to clarify information about the wells and to arrange sampling dates.
Most of the wells finished in sand and gravel ( fig. 3 ) were in valleys and ranged from 15 to 185 ft deep ( Site selection did not target specific municipalities, industries, or agricultural practices; rather, sampling sites were selected to represent areas of greatest ground-water use and to obtain a geographical representation of the study area and its aquifers (figs. 2-4). Site selection included wells in each of four predominant land-use categories-agriculture, urban, forest, and wetland. The land-use classification was done through satellite-image analysis of the predominant land uses within a half-mile radius of each well ( fig. 2 ). Most were surrounded by a predominant land use that represented more than 50 percent of the radial area surrounding the well; the other wells were surrounded by a combination of land uses.
Shallow wells that tap sand and gravel aquifers are susceptible to contamination by several types of compounds, including volatile organic compounds (VOCs), pesticides, deicing chemicals, and nutrients from nearby highways and industrial, agricultural, and residential areas. The movement of these contaminants to the water table through the soils and surficial sand and gravel can be relatively rapid. Bedrock wells that tap sandstone and shale aquifers in rural upland areas are generally less susceptible to contamination from industrial and urban sources, which are mainly in the valleys; but bedrock wells in lowland areas underlain by carbonate rock (limestone and dolostone) may be vulnerable to contamination from surface runoff because infiltration rates and ground-water flow can be relatively rapid through solution features in the rock. Agricultural land that surrounds wells may be a potential source of contamination from fertilizers, pesticides, and fecal waste from livestock; lawns and septic systems are also a potential source of these contaminants. In addition to human contaminants, the aquifers contain naturally derived elements that may diminish water quality, such as sodium, chloride, sulfate, iron, manganese, and trace elements such as arsenic; some also may contain hydrogen sulfide, methane, and radon gases from deep-lying sources.
Sampling Methods
Water samples were analyzed for the physical properties and constituents listed in Appendix tables A2-A9 (at end of report). The categories are as follows: physical properties (table A3), inorganic constituents (table A4), nutrients and total organic carbon (table A5), trace elements and radon-222 (table A6) , and VOCs and phenols (table A8). Samples were collected from every well for these analyses and were processed by methods described in the USGS manual for the collection of waterquality data (U.S. Geological Survey, 2006). Additionally, pesticide samples were collected for pesticide analyses (table A7) and processed by the methods of Shelton (1994) and Sandstrom and others (2001) . These samples were analyzed at the USGS National Water Quality Laboratory (NWQL) and the USGS Kansas Organic Geochemistry Research Laboratory (OGRL) for 134 pesticides and pesticide degradates through methods described by Zaugg and others (1995), Furlong and others (2001) , Meyer and others (1993) , and Lee and Strahan (2003) . The analytical method devised by Zaugg and others (1995) was developed in cooperation with the USEPA and allows detection of the nation's most commonly used pesticides. Samples for bacteria analyses (table A9) were processed in accordance with NYSDOH guidelines.
Sampling was done at all sites as follows: the well pump was turned on (many of the production wells were already running) and allowed to run until at least five casing-volumes of well water had passed the sampling point. A raw-water tap between the well and the pressure tank was opened, and the water was allowed to flush for several minutes. During this time, a general visual evaluation of the area surrounding the well was conducted to identify potential sources of contamination that could affect the well water. Samples were collected from the raw-water tap to avoid all water-treatment systems and to ensure that the water collected was representative of the water in the aquifer. A Teflon discharge line was then connected to the tap, and samples were analyzed with a multiprobe meter for physical properties (temperature, specific conductance, dissolved-oxygen concentration, and pH). After the measurements of these properties had stabilized, a second Teflon discharge line was connected to the first with a stainless-steel quick-connect fitting and was directed into a sample-collection chamber mounted upon a plastic box; this chamber was used to minimize sample exposure to dust and other potential sources of contamination. Bottles were filled within the chamber according to standard USGS field methods (U.S. Geological Survey, 2006).
The analyses for physical properties, most trace elements and metals, acid-neutralizing capacity, organic carbon, radon-222, VOCs, and phenols were done on unfiltered water samples to obtain total whole-water concentrations. Dissolved concentrations of nutrients, major inorganic constituents, three metals, and pesticides were obtained from filtered samples. Concentrations of iron and manganese in unfiltered samples were compared with those in filtered samples to obtain the difference between the total and dissolved concentrations (table A6). Sulfuric acid was added to the samples collected for phenol analysis, hydrochloric acid was added to samples collected for total organic carbon and VOC analyses, and nitric acid was added to some of the samples collected for trace-element analyses to prevent sample degradation. Samples collected for dissolved inorganic-compound analyses were filtered through a 0.45-micrometer (µm) cellulose capsule filter that was attached to the Teflon discharge line inside the sample-collection chamber; samples for pesticide analysis were filtered through a 0.7-µm furnace-baked glass-fiber plate filter.
All Teflon discharge lines were cleaned in the laboratory before each sampling day and in the field between each sample collection. New bags were used at each sampling site. Samples for radon analysis were obtained through an in-line septum chamber with a disposable syringe to avoid atmospheric contamination. Samples for bacterial analysis were collected in sterile containers provided by the bacteriological laboratory; the connection of the sampling tube to the well tap was not sterilized.
The samples were stored on ice in coolers and delivered directly, or shipped by overnight delivery, to one of four laboratories: (1) the USGS NWQL in Denver, Colo., for analysis for inorganic major ions, nutrients, inorganic trace elements and radon-222, some pesticides, and VOCs (U.S. Geological Survey, 2007); (2) the USGS Kansas OGRL in Lawrence, Kans., for other pesticides; (3) a New York State-certified private laboratory in Waverly, N.Y., for total organic carbon and phenolic compounds; and (4) a laboratory in Lackawanna, N.Y., approved by New York State for bacteria analysis.
Ground-Water Quality
The 33 ground-water samples collected during this study were analyzed for 5 physical properties and 219 constituents. Most (137) The QA/QC field blanks contained no constituent in concentrations above the laboratory reporting levels; this indicates that no contamination had occurred through the sampling or analytical procedures. The results of the two QA/QC replicate samples indicated that variability in sample results met the precision requirements of the study. The analytes with the largest percent differences between concentration in a ground-water sample and that in the replicate sample were acid-neutralizing capacity, residue on evaporation, and low-concentration trace elements (concentrations near the reporting level for the elements).
Physical Properties
The pH of the samples (table A3) ranged from 6.4 to 8.2; pH of 1 of the 33 samples was outside the accepted SMCL range of 6.5 to 8.5 (U.S. Environmental Protection Agency, 2006). Specific conductance of the samples ranged from 171 to 5,500 µS/cm. Dissolved-oxygen concentrations ranged from less than 0.3 mg/L at four wells to 6.7 mg/L. None of the samples had a water color that exceeded the SMCL of 15 platinum-cobalt units. The odor of hydrogen sulfide gas was noted by field personnel in water from 10 of the 33 wells.
Inorganic Major Ions
Water from the wells was generally a calcium-bicarbonate type, although water from three wells-CT 994, CU 1304, and CU 1766 ( fig. 1 )-was a sodium-bicarbonate type; water from two wells (CU 2158 and E 2642) was a calcium-sulfate type; water from two wells (AG 265 and MO 1594) was a calcium-chloride type; and water from one well (NI 1203) was a sodiumchloride type (Hem, 1985) . The cations that were detected in the highest concentrations were calcium, magnesium, and sodium (tables 2 and A4). Calcium concentrations ranged from 6.04 to 197 mg/L, and magnesium concentrations ranged from 1.46 to 57.4 mg/L. Calcium and magnesium contribute to water hardness, and 18 of the 33 wells yielded water with hardness greater than 180 mg/L, which is classified as "very hard" (Hem, 1985) . Sodium concentrations ranged from 2.87 to 929 mg/L, and nine samples exceeded the USEPA Health Advisory, which recommends that sodium concentrations in drinking water not exceed 60 mg/L to minimize the taste. This HA for sodium is not federally enforceable but is intended as a guideline for consumers (U.S. Environmental Protection Agency, 2002; 2006) .
The anions that were detected in the highest concentrations were bicarbonate (alkalinity), chloride, and sulfate (tables 2 and A4). Bicarbonate concentrations ranged from 90 to 486 mg/L (as CaCO 3 ), chloride concentrations ranged from 0.78 to 1,590 mg/L, and sulfate concentrations ranged from less than 0.18 to 371 mg/L. The chloride SMCL of 250 mg/L was exceeded in two samples, and the sulfate SMCL of 250 mg/L was exceeded in three samples. 
Nutrients and Organic Carbon
Nitrate and ammonia were the predominant nutrients in the ground-water samples (table A5) ; nitrite and organic nitrogen concentrations were negligible in most samples. Nitrate plus nitrite concentrations ranged from less than 0.06 (the analytical detection limit) to 6.92 mg/L as nitrogen (N), and ammonia concentrations ranged from less than 0.01 to 3 mg/L as N. The nitrate MCL of 10 mg/L (as N) was not exceeded in any sample, and the concentrations in 20 of the 33 samples were below the detection limit (less than 0.06 mg/L). Of the samples in which nitrate was detected, those from wells finished in sand and gravel had a higher median nitrate concentration (2.40 mg/L) than those from wells finished in bedrock (0.18 mg/L). Orthophosphate was detected in 30 of the 33 samples, but concentrations were typically low; the maximum concentration was 0.109 mg/L (as phosphorus). Total organic carbon was detected in 10 of the 33 samples; concentrations ranged from less than 1.0 mg/L (the analytical detection limit) to 3.6 mg/L.
Trace Elements and Radon-222
The most commonly detected trace elements were barium, boron, copper, lithium, nickel, and strontium, all of which were detected in every sample (tables 4 and A6). The elements detected in the highest concentrations were barium, boron, iron, lithium, manganese, and strontium. Barium concentrations ranged from 21.7 to 1,660 µg/L, but the MCL for barium (2,000 µg/L) was not exceeded. Boron concentrations ranged from 12 to 2,430 µg/L, but MCLs have not been established for boron. Iron was detected in 29 of the 33 filtered samples at concentrations ranging from 3 to 3,220 µg/L, and the SMCL for iron (300 µg/L) was exceeded in 14 samples. Lithium concentrations ranged from 1.2 to 917 µg/L, but MCLs have not been established for lithium. Manganese was detected in 29 of the 33 filtered samples at concentrations ranging from 0.5 to 696 µg/L; the Federal SMCL for manganese (50 µg/L) was exceeded in 15 samples, and the New York State MCL (300 µg/L) was exceeded in 1 sample. Strontium concentrations ranged from 48.5 to 10,600 µg/L, but MCLs have not been established for strontium.
Aluminum was detected in 21 of the 33 samples, and the SMCL (50 µg/L) was exceeded in 1 sample. Arsenic was detected in 32 samples, and the MCL (10 µg/L) was exceeded in 2 samples. Lead was detected in 31 samples, and the MCL (15 µg/L) was exceeded once. Uranium was detected in 26 samples, but none exceeded the MCL of 30 µg/L. The MCLs for antimony (6 µg/L), beryllium (4 µg/L), cadmium (5 µg/L), chromium (100 µg/L), selenium (50 µg/L), and silver (100 µg/L) and the SMCLs for copper (1,000 µg/L) and zinc (5,000 µg/L) were not exceeded in any sample. Mercury was not detected in any sample (table A2) .
Radon-222 was detected in every sample (table A6) , and concentrations ranged from 40 to 2,160 pCi/L. The proposed MCL of 300 pCi/L for radon-222 in drinking water was exceeded in 24 samples, but the proposed AMCL of 4,000 pCi/L was not exceeded. The AMCL is the proposed allowable concentration of radon in raw-water samples where programs have been implemented to address the health risks of radon in indoor air, but none of the 33 well sites sampled in this study had such implementation. The proposed MCL and AMCL for radon are under review and have not been adopted (U.S. Environmental Protection Agency, 2004; 2006) .
Pesticides
Eighteen pesticides (including 9 pesticide degradates) were detected in water from 14 of the 33 wells (table A7), but none of the concentrations exceeded MCLs. Eight of the samples containing pesticides were from sand and gravel aquifers, and six were from bedrock aquifers. Caffeine, which is not a pesticide and can be an indicator of human wastes, is included in table A7 because it is measured as part of the pesticide analyses and was detected at a trace level in one sample. The pesticide compounds that were detected most frequently were herbicide degradation products-CIAT (2-chloro-4-isopropylamino-6-amino-s-triazine, also called deethylatrazine, a degradation product of atrazine), alachlor ESA (a degradation product of alachlor), and metolachlor ESA and OA (degradation products of metolachlor). CIAT was detected in six samples; the maximum concentration was 0.019 µg/L. Metolachlor and siduron were detected in three samples; their maximum concentrations were 0.400 µg/L and 0.01 µg/L, respectively. Atrazine was detected in two samples; the maximum concentration was 0.104 µg/L. Alachlor was detected in one sample, at a concentration of 1.03 µg/L. No Federal MCLs currently have been established for pesticide degradation products, and no pesticide concentration exceeded the New York State MCL of 50 µg/L. These trace-level detections of pesticides are similar to those reported by Eckhardt and others (2001) , Phillips and others (1999) , and Eckhardt and Stackelberg (1995) from studies of pesticides in ground water throughout New York State.
Volatile Organic Compounds and Phenolic Compounds
Fourteen VOCs were detected in 12 samples (table A8), but none of the concentrations exceeded MCLs. Phenolic compounds, which are semivolatile, were detected in one sample at a concentration of 8 µg/L. Toluene was detected in four samples; the maximum concentration was 0.9 µg/L. Trichloromethane was detected in three samples, and tribromomethane and dibromochloromethane were each detected in one sample; these compounds are called trihalomethanes and are typically formed as disinfection by-products that result from chlorination of water. Xylene compounds were detected in three samples; the maximum concentration was 29.8 µg/L for the meta plus para isomers. Methyl tert-butyl ether (MTBE), a gasoline additive that can infiltrate into ground water from leaking fuel tanks, was detected in two samples; the maximum concentration was 1.3 µg/L. The New York State MCL for MTBE is 10 µg/L, which was not exceeded. No Federal MCL has been established for MTBE, although the USEPA has suggested a limit of 20 to 40 µg/L on the basis of taste and odor of drinking water (U.S. Environmental Protection Agency, 2006).
Bacteria
All samples were analyzed for total coliform, fecal coliform, Escherichia coli (E. coli), and heterotrophic bacteria. Total coliform was detected in 12 samples, and E. coli in 2 samples (table A9) . These bacteria were detected in four samples from sand and gravel aquifers and in nine samples from bedrock aquifers; eight of these samples were from private residential wells, and one was from a production well (E 1084, fig. 1 ), which taps a sand and gravel aquifer. Any detection of these bacteria is considered a violation of New York State health regulations, and well owners were notified of positive results upon receipt of laboratory results. The raw-water samples collected in this study were collected prior to disinfection treatments, and most production wells have chlorination systems that eliminate potential contamination by bacteria before the water is distributed to consumers; however, private residential wells generally lack a chlorination system.
Heterotrophic plate counts (HPCs) ranged from less than 2 to greater than 738 colony-forming units per milliliter (CFU/mL). The USEPA MCL for HPC is 500 CFU/mL, and four samples exceeded this limit.
Summary
In 2001, the USGS, in cooperation with the NYSDEC and the USEPA, began an assessment of ground-water quality in river basins throughout New York State. As a part of this assessment, water samples were collected from 33 production wells and private residential wells throughout western New York from August through December 2006 and were analyzed for 5 physical properties and 219 constituents that included inorganic major ions, nutrients, organic carbon, trace elements, radon-222, VOCs, phenolic compounds, pesticides, and bacteria. The quality of the sampled ground water was generally acceptable, except where concentrations of certain constituents exceeded recommended MCLs, SMCLs, or HAs set by the USEPA and NYSDOH. Of the 78 constituents that were detected, 8 exceeded Federal and State MCLs, SMCLs, or HAs at specific wells; 3 types of bacteria also were detected in concentrations that exceeded MCLs at some wells.
The cations that were detected in the highest concentrations were calcium, magnesium, and sodium; the anions that were detected in the highest concentrations were bicarbonate, chloride, and sulfate. The predominant nutrients were nitrate and ammonia; no sample exceeded the MCL (10 mg/L as N) for nitrate. The HA for sodium in drinking water (60 mg/L) was exceeded in 9 of the 33 samples; the sulfate SMCL (250 mg/L) was exceeded in 3 samples; and the chloride SMCL (250 mg/L) was exceeded in 2 samples.
The trace elements detected in the highest concentrations were barium, boron, iron, lithium, manganese, and strontium, but of these, only dissolved iron, manganese, and aluminum concentrations exceeded SMCLs. Iron was detected in 29 of the 33 filtered samples at concentrations ranging from 3 to 3,220 µg/L, and the SMCL for iron (300 µg/L) was exceeded in 14 samples. Manganese was detected in 29 filtered samples at concentrations ranging from 0.5 to 696 µg/L; the USEPA SMCL for manganese (50 µg/L) was exceeded in 15 samples, and the New York State MCL (300 µg/L) was exceeded in 1 sample. Aluminum was detected in 21 samples, and the SMCL (50 µg/L) was exceeded once. Arsenic was detected in 32 samples, and the MCL for arsenic (10 µg/L) was exceeded in 2 samples. Lead was detected in 32 samples, and the MCL (15 µg/L) was exceeded once. Radon-222 was detected in every sample; the proposed Federal MCL for radon-222 in drinking water (300 pCi/L) was exceeded in 24 samples, but the proposed AMCL (4,000 pCi/L) was not exceeded in any sample.
Eighteen pesticides, including 9 pesticide degradates, were detected in water from 14 of the 33 wells; most of the concentrations were at or near the detection limits, and no concentration exceeded an MCL. Eight of the samples containing pesticides were from sand and gravel aquifers, and six were from bedrock aquifers. Caffeine was detected at a trace level in one sample. Fourteen VOCs were detected in 12 samples, but no concentration exceeded an MCL. Any detection of total coliform or fecal coliform bacteria is considered a violation of New York State MCLs; in this study, total coliform was detected in 12 samples, and E. coli was detected in 2 samples. Heterotrophic plate counts exceeded the MCL of 500 CFU/mL in four samples. [Well locations are shown in figure 1 . mg/L, milligrams per liter; N, nitrogen; P, phosphorus; <, less than; (00623), National Water Information System (NWIS) parameter code; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery] 
